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filler material and method for produdns aglass filler material 



Introduction 

The present Invention generally relates to a glass filler material. More specrfically 
the present Invention discloses a glass filler material for composites with 
cationically curing properties and for dental composite materials. 



The glass filler material does not Influence the curing properties of the composite 
,0 and does not deteriorate the mechanical properties of the cured plastic polymer 
. Cue. a dental filling) and does not decrease the shelf live stability of the composite. 

This can be reached by a glass filler material wherein the particles of this material 
have an inner zone and an outer zone wherein the outer zone is almost free, of 
15 alKali metal oxides and the alkali mete! oxides of the inner zone do not migrate to 
the outer zone. 

The present invention further relates to a method for pmducing a glass filler 
material which does not influence the curing properties of the composite and does 
20 not deteriorate the mechanical properties of the cured plastic polymer and does 
not decrease the shelf live stability of the composite. IWlore specifically rt relates to 
a mettled for producing a glass filler material for composites with cationically 
curing properties andmore specifically for dental composites. 

25 . Definttions 

The term -polymerizable resirf" means the monomer or the mixture of monomers 
which undergo polymerization by adjacent initialization. The polymerizaWe resin 
may contain a certain amount of piepolymerized oligomers and/or polymers based 
on the mwiomers. 
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The polymerizabie resin often Is mbcsd wfth a filler material to enhance the 
properties of the uncured material. In the foilovuing this material is called 
"composite" or "composite materiaP, i.e. dental composite material. 
By terms of this invention "plastic polymer" means the cured material after 
polymerization containing no or only small amounts of monomere. The resulting 
plastic polymer obtained after appropriate curing even exhibits enhanced 
properties by adding a filler to the polymerizabie resin. 

State of the art 

Glass finer materials for curable composites are disclosed in numerous 
documents. 

EP 716 049 A2 discloses a barium-free dental glass writh good'X-ray absorption 
properties comprising the following (in wl%): 50-75 silica. 5-30 zirconia. - 0-5 - 
lithium oxide, 0-25 sodium oxide. 0-25 potassium oxide and 0-25 alkali rrietal = 
oxides (weight relative to oxides). 



EP 634 373 discloses a barium-free dental glass with good X-ray absorption 
properties comprising the following (In wt.%): 45-65 silica, 5-20 boron-oxWe.-5^20 
20 aluminum oxide, .0^1 0 calcium oxide, 1 5-35 strontium oxide, 0-2 fluorine. ... 

US 6,270,562 B1 relates to a filler material for use In dental composites and dental 
restorations comprising a fibrous material and one or more fomis of surface- 
modifying particles. TTie surface-modifying particles are bonded to the fibrous 
material to increase the surface area of the fibrous material and Improve the 
bonding properties of the fibrous material to enable it to better bond to a iBsin 
matrix material in a dental composite. 



wo 99/20225 describes a method of making a composition for fomiing a dental 
composite material comprising a glass fiber finer. These fibers am obtained by 
grinding glass fibers which have been densified and embrittled by heating glass 
fibers at a temperature substantially below the softening point of the glass fibers. 
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US 6,022.819 relates to a porcelain composWon comprising in weight percent 50 - 
85 %'si02, 2 - 18 % AbOa and 2 -23 % of aflux. The flux is selected from the 
group consisting of KzO. NaaO. UO, CaO, P2O5. F, BaO. B2O3 and mixtures 
5 thereof. 

BP 997 132 A1 discloses a X-ray opaque barfum-fiee dental glass comprising the 

^following C«n wL%): 20 - 45 sfficon dioxiaeTS - 35 aluminum oxide, 2 - 20 zinc 

oxide, 2- 10 zirconium oxide, 2- 10 fluorine and 1 - 10 sodium oxide. 



10 
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DE 198 46 556 describes dental materials based on polymerizable monomers, 
epoxides, oiganlc modified polyslloxanes, liquid ciystal monomers, oxethanes, 
spiro-ortho esters or carbonates as binders, a catalyst for hot. cold or photo- 
polymerization. 20-70 wt. % inorganic filler (A). 0-60 wt. % other fillers (B) and 0-2 
wt. % conventional addlUves. The Inorganic filler (A) consists of a porous glass 
ceramic having micro- and/or meso-pores filled with the binders optionally in 
polymerteed form. 

WO02/055028 A2 describes a polymerizable dental material with a filler material. 

20 The filler material is produced by means of a melting method and is selected so' 
that ft has a refractive Index of no = 1.49 to 1.54 so that the viscosity of the 
polymerizable dental material, after a period of at least 9 mor«h during which it 
was stored at a temperature ranging fonti 20 to 25 -C. has a value of 4/- 50 % of 
the Initial value measured 24 hours after the polymerizable dental material was 

25 produced, and so that the polymerizable dental material has a reactivity of the type 
that, once polymerization is Initiated, the amount of the maximum heat flux 
generated by the dental material equals at least 0.8 mW/mg. and this maximum 
heat flux is attained wHhln a period of no longer than 60 seconds. 

30 EP 023 013 B1 relartes to a calcium aluminium fluorosilicate glass powder havfiig 
an average particle size of at least 0,5 pm wherein the powder particles are so 
depleted of calcium at their surface that the quotient of the atomic ratio Si/Ca at 
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the surface of the powwder particles and the atomic ratio Si/Ca in the core region is 
at least 2.0. It further describes a metliod to remove these ions from the particle 
suifacB up to a depth of about 50 nm. This calcium aluminium fluorosillcate glass 
powder is used for a glass ionomer cement. 

A method for preparing glass substrates Is disclosed in EP 819 103. In one step 
the surface of a silica -soda-lime glass substrate is treated to a first depth with an 
Ion-exchange treatment for a sufficient first time and first temperaTure to previde 
an ion-exchanged treated glass having a strengthened surface. In a following step 
the surface of the Ion-exchanged treated glass is treated to a second depth with a 
dealkalization treatment for a sufficient second time and second temperature to 
remove alkaline ions from the glass surface, wherein the second depth Is less than 
the first depth. In this disclosure the method of dealkalization is only useful to 
remove the ions to a depth of less than 1 pm. It further needs temperatures of 
more than 100 'C. The dealkaicsation is carried out with AICI3 or (NH4)2S04. Flllere 
treated with these reagents are not usable for the composites described herein as 
they result in other problems of the filled composites like short storage time. The 
dealkalization is described only for hard surfaces like disks and not for powder 
particles. 

A further method of making dealkalized glass is disclosed in DE 37 41 031 A1. 
The glass Is brought into contact with the acidic gas of a dealkalizing medium. It is 
especially useful for products with coated glass parts as mirrors. 

Glass filler materials are used to Increase the mechanical properties of plastic 
polymers. Through the addition of glass filler materials to polymerizable resins the 
resulting composite materials exhibit good handling characteristics as they are 
fonnable and do not stick to the handling tools. The cured plastic polymere of 
these filled composite materials further show improved strength, elastic modulus, 
hardness and wear resistance for the cured plastic polymer. Such composites are 
used in electronical engineering, preotelon work technique, for constructing of 
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though housings, in household and in medical appiioatfons, for example as joint 
implants or as dental materials. 

For dental composite materials the fillers have to meet further requirements as X- 
5 ray opacity, dielectric properties, biocompatibility and a certain refractive index. 
In order to otitain dental materials with a desirable translucenoy in visible light this 
refractive index should be closed to the refractive index of the poiymerizabie resin. 



The poiymerizabie rasin composition further demands certain chemical properties 
10 of the filler This means that the filler should not influence the polymerization 

reaction and should not interact with the initiator system. The polymerization is 

started in different ways for example by mixing a base part of the resin with an . 

initiator containing part of the resin (two component system) or by exposing light to - 

the resin containing a light sensitive initiator system. The initiator systems used Jn.. . . 
IS the state of the art react on a radical basis or on an ionic, preferred a c^tiontc 

basis. Thus, they are sensitive to ttie presence of water, basic substances or 

acids. 

Mainiy used filler materials are quartz or glass. Because of the defined chemical 
20 composition the quartz material has a refractive index of no « 1.55. For a lot of - 
poiymerizabie resins witfi different refractive indices a filler with this index is only 
minor suitable as a translucent composite is not available. For a glass filler, the 
reasonable refractive Index of flie filler is adjustable by 4ie adjacent composition of 
ttie glctss, 

25 

To obtain a glass filler material, the main components as SiOe, B2O3, PzOs are 
mixed together with other oxides, hydroxides or carbonates of elements of group I 
and II , of transition elements or of lanthanldes. The mixture is melted to the glass 
at temperatures of 1250 to 1650 X. Of importance are the components with 
30 elements of the main group I (U Na, K, Rb, Cs) which significantly decrease the 
melting temperature as well as the' viscosity of the melted glass. Thus, for the 
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glass filler materials known from the state of the art, the amount of these elements 
norniaHy ranges betui^n 5 and 40 moi%. 

It is further known that different acidic ingredients as BsOa or PgOs also decrease 
the melting temperature of the glass mixture. 

The presence of acidic, amphoteric or t^asic oxides is a disadvantage for the fillers 
as these glass filler mateTials WlTot Rave the demanded chemical propertles,-- 
When used as a filler of polymerizable resins the acidic, amphoteric or basic 
oxides do interact with the monomers or with the initiators systems. The us& of 
glass filler materials with the elements of the main group I in the said 
concentrations in composites results In low mechanical properties of the cured 
plastic polymer. An amount of acidic or amphoteric oxides as disclosed in the state 
of the art leads to a shortened storage time of the composites. The storage time Is 
15 especially decreased for composites with cationically curing monomers. - 

If a glass material is desired without these elements of main group J. or the acidic 
ingredients the melting process has to be carried out at very high temperatures.. 
This high temperature melting method is time consuming and very expensive-.- The 
20 obtained glass materials, have the tendency to crystallize what Is. not acceptable 
for fillers used in dental materials. 

Statements 

The temis "comprise" and "contain" within the meaning of the Invention introduce a 
non exhaustive list of features. Likewise, the word "one" is to be understood in the 
sense of "at least one". 



25 



Object 

It is thus an object of the present invention to avoid one or more of the problems 
30 mentioned above. 
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A further object is to provide a new glass filler material for composite materials and 
to provide a glass flHer material with improved properties. Another further object .s 
to provide a glass filler material with a concentration of alkaB metal oxides which 
allows to melt the glass filler materfed at suitable temperatures and which allov«s at 
S the same time a composite material with good polymerization properties and good 
mechanical properties of the cured plastic polymer. 

A further object Is to provide a mitfioa of producing such a glass filler material. 
Still a further object Is to provide a dental composition containing these glass filler 
10 materials. 

Solution 

One or more objects can b© achieved by providing a glass filler matenal as 
described in the text below. 

According to the present InveriBon the glass filler material comprises 

a) 65 - 99.95 mol%snicon dioxide (SiOg), 

b) 0-15 mol% aluminum and/or boron oxide (AlsOs* BgO^, 

c) O - 30 mol % zifcohlum and/or titanium and/or hafnium oxide (ZrOa, T1O2, 
HfOa). Y2O3 and/or SczOg and/or LaeOa and/or Ce02 and/or other 
lanth^idoxldes 

d) 0.05- 4 mol% alkali metal oxides (NaaP.UzO.KaO.RbzQ.CszO) 

e) 0- 25 mol% earth alkali metal oxides (WlgO.CaO,SrO.BaO). 

The glass filler particles have an average particle size of 0.1 - 20 pm and 
preferable the average particle size is from 0.5 to 3 pm and more preferable from 
0.5 to 1 M«n. Within these pr«fsrred particles sizes the particles of the invention 
have an inner zone and an outer zone where the outer zone is up to 1.5 pm. In 
some cases the thickness of the outer zone could even be about 2 pm or more. 
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It Is the intention of this invention to differentiate the inner zone of the particles 
from the outer zone by the profile of alkali ion concentration or even all^ll oxide 
concentration versus the layer depth of the particle. 

5 This profile Is attachable by an analysis of the alkali concentration of the surface of 
the particles by a suitable method. The method used for this inventkin is the 

Pf^otoetectron spectroscopy (ESCA). This method of analysis describe RS 

Swingle 11 and W.IVI. Riggs in "Critical reviewrin-Analytical Chemistiy- (Volume 5 
Issue 3. pages 267 - 321. 1975) as well as K. Levsen In Xhemle unsei^r ZbW ( 
10 10*^ annual. 1976. no. 2, pages 48>53). 

The particle profile shows the concentration fmol%] of Na+ or other alkali ions. on 
the yuaxis versus the layer depth of the particle In [nm] on the x-axis starting at 
0 nm indicating the suriace of the particle. Nomiatly the profile is detected tw a^ - 

15 depth corresponding to the radius of the particle or less than this radius. It usually, 
has a significant Increase of the alkali ton concentration when passing from the -^ 
outer zone to the inner zone of the particle. TTie layer depth in the maximum of tha 
first derivation of the concentration to the layer depth ( f = d(concyd(depth) ) 
represents the thickness of the outer zone. The maximum is characterized in-thal.. - 

20 the second derfvation becomes 0 (T - 0) at the same value of depth. 

A common profile of a particle with an outer zone of about 850 nm and a diameter 
of 4 pm or more is shown in the figure 1: 



25 
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figure 1 




500 1000 1500 
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2000 



5 The depth of the outer zone of the particles is preferably about 1 .5 pm even for 
very large. parHcles. It could be larger dependirig on which alkali ion Is present in 
■ the glass filler material. 

For these particles with diameters smaller than 3 \un neariy the whole, particles 
10 consist of the outer zone and possibly no Inner zone Is detectable by the ESCA 
method. 

For the particles according to the invention the mean concentration of alkali Ions of 
the outer zone relative to the mean concentration of alkali ions of the Inner zone is 

15 10 % or less and the alkali Ions of the inner zone do not significantly migrate to the 
outer zone. It doesnt make any difference for the Invention If the concentration of 
alkali metal oxides of the particles is counted in oxides or in cations. Despite it Is 
very dear that for the migration process in filler materials only the cations are of 
interest as only the ionic parts of the oxides are subjected to any detectable 

20 migration. 
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The limitation that the alkafi ions do not migrate "significantly" is based on the fed 
that it is not possible to totally exclude any motions of the ions especially if these 
motions are veiy HmKed and small. But tt is an Important feature of the Invention 
that almost no migration takes place. This means for example that only o.5% of 
5 the alkali Ions of the inner zone migrate after a time of storing the filler material for 
nine month at a temperature of 25 'C. ft is most preferred that only 0.1 % of the 
alkali Ions mfarate to th e outer zone under these storags conditions. 

To provide glass filter materials which result In composites with good mechanical 
10 properties and an adequate storing it is prefen-ed that the filler material has an 
amount of alkali metal oxides from 0.05 to 2 mol%. Most^ preferably the 
concentration of alkali metal oxides in the filler material Is not over 1 mo(%. The 
claimed amount of alkali metal oxides is the total amount of the particle without 
respect to the differem concentrations of the inner and the outer zone of the 
15 particles. 

The maximal particle size of the glass filler material is 1 00 pm. More prefened is a 
maximal particle size of 5Mm. In case the glass filler material is used as a filler of a 
dental cement the maximal particle size is 25|jm, preferably 20 pm. To r^ach 
20 excellent mechanical properties of the cured plastic polymer the statistic 
distribution of the particle size is not to narrow. This appropriate distribution is 
available by the known mniing processes and the separation of the coarse grained 
fraction. 

25 The filler material of the invention has a refractive index (no) of 1 .49 to 1 .55. The 
refractive index is elected in that way that it is closed to the refractive index of the 
polymefizable resin. 



30 



The glass filler material of the invention is used in the dental restorative field in 
composite fonnulations. especially for fiffings, bondings, dental cements, pit and 
fissure sealeants, cavity lining, core build up. 
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Further the fillers could be use for materials for temporaiy cro\wns and bridges, for 
root fillings, for sub fillings, for dental protheses materials such as Inlays, onlays, 
crowns, bridges and for a denture material. 

5 Most favorable Is their uses in polymerlzable materials and especially in 
composites with catlonically curing properties. 

They may be even'usehirfor other dental materials as glass ionomer cements, 
compomere, blending material for crowns or bridges, ceramics. 

The described glass filler material is available by the following method. 

a) melting a composition of 65 - 99.95 moi% SiOz. 0-15 mol% AfeOa and/or 
B^3. 0-30 mol% ZrOz and/or TIO2 and/or HfOa. 0,05 - 4 mol% alkali 
metal oxides. 0-25 mDl% earth alkali oxides, 0-30 mol% YaD* and/or . 

15 SC2O3 and/or LazOa and/or CegQa andtor other lanthanidoxides at a 
temperature of 1200-1 800*0 for a* least 30 minutes, 

b) cnjshing the melted glass by transferring into could water or on, metal 
rollers, 

c) milling the glass granulate obtained by b) to a mean particle sird da» from 

20 0.1 to 20 Hrn, 

d> dealkalizing the glass powder in excess with a deaikalizing agent. 

e) removing the dealkalizing agent and washing the glass powder with a polar 
solvent until the filtrate reacts neutral, 

f) drying the glass powder at a temperature of 200 - 1100 "C for at least 30 
25 minutes. 

The best melting temperature depends on the amount of the different ingredients. 
Especially AI2O3, BzOa and alkali metal oxides help to decrease the melting 
temperature of the mbrture. Preferable the melting temperature is from 1400 to 
30 1700 "C and more preforabiy from 1450 to 1550 *C, 
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The melted glass is crushed. This could be done by transferring it Into could water 
or on metal roUers. At the same time, the glass melt is cooled. The whole melting 
and crushing procedure could be canled out in a discontinuous or a conUnuous 
process. A possible melting crucible Is a platinum cnjcible. 

After crushing the melt the obtained glass granulate is milted to a mean particle 
size of dro from 0.1 to 20 jim. Forlh^re|^^ of the crushed glass to a particle 
size of about 300 pm an agate disc mill could be used. Prefened milling methods 
for fine milling particles with an average size of 300 pm and smaller into the range 
of d5o< 20 pm are ball mills. In these mills the prefened balls are yttrium-stabnized 
ZrOz-balls with a dieter of 0.8 mm. The milling container of these ball mills 
could be coated with AlzOa . 

The deali»nzlng agent should be an acidic composition able to solve alkaline ions. 
Examples for a dealkalizing agent are inorganic or organic acids as HCI, HJ, HBr. 
HzSOa, H3PO4, HNO3, HCIO4. CHgCOOH, COOH-COOH, H-COOH. citric acid, 
tartaric acid or polycarboxyllc acid. These acids are used in concentrations of 1 0 to 
30% acid in water. Preferred examples are 10% CH3COOH. 10 % HCOOH. 30% 
HCI or 15% HNOa • Mbctures of the described acids could be used as well. The 
dealkalizing step is perfonned at a temperature of 50 to 200 "C. Most prefen^d is . 
a temperature of 100 to 120 'C. The dealkalizing agent Is used in excess. This 
surplus ratio of dealkalizing agent to the glass powder to be dealkalized is 
Important for the invention. 

25 h is a feature of this invention that the ratio of the glass powder to the dealkalizing 
agent fe 1:1 to 1:1000. Preferably the ratio is 1:10 and more preferably 1:20. 

Surprisingly with this dealkalizing step a glass filter material is obtained with an 
outer zone of up to 1 .5 pm wherein this outer zone is almost free of alkali ions It is 
30 further not expected that the alkali of the inner zone do not significantly migrate to 
the outer zone. The principles of the balance between diflerem concentrations will 
assume that a migration occurs from the zone with the higher concentration to the 



22-DE2-2003 12:08 UDN 31 ESPE f=tG ABT 
59042EP002 



RN EPR 



13 



zone with the lower concentration. Despite this, no significant migration between 
the two zones occurs. 

The polar solvent for washing the dealKanzed glass powder consists of water or a 
5 mixtuie of water with other polar solvents, preferably ethanol or acetone. The 
washing step could take place at different temperatures depending on the polar 
solvent It is preferably performed aft ^'^^^P^^^' 

The drying of the glass powder could be done at a temperature of 200 to 1 100 'C 
10 for at least 0.5 houis. It must be a temperature dearty below the sintering 
temperature of the glass composition in order to avoid the sintering of the 
particles. This temperature varies for the different compositions- of glasses. A 
temperature of 500 to 1000 'C is useful off most of the glass compositions and a 
temperature of 800 to 1000 "CIS preferred. . - . . 

IS 

- After drying a sieving process could be added to remove the coarse fraction of the 
particles. f=or example a 200 pm meshed screen. TWs sieving step, is not 
maridatory. 

20 The particles obtained by the described method have an average particle size dso 
from 0.1 to 20 pm. Preferably they have an average particle size da, from 0.5 to 3 
pm and more preferably from 0.5 to 1 pm. 

Of these glass filler materials a polymerizable dental material is available 
25 . containing: 

a) 3 - 80 wl.% of one or more catlonlcally and/or radically curable monomere. 

b) 3-90 wt,% of the glass filler material of the invention. 

c) 0 — 90 wL% of one or more radio-opaque f lllere. 

d) o.01-25wl.%of initiators, retarders and/or acceleratore; 
30 e) 0-25 wt.% of awdliary agents 
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The curable monomers are selected for example from the group of ehylenically 
unsaturated monomers, for example from methacryiate or acrylate resins, and 
prefenred from epoxy, oxetane. vinyl ether and splro-orthocarbonate resins, and 
combinations thereof. Preferably, the catlonlcally polymerfeable monomers 
comprise an epoxy resin, especially a silicon-containing epoxy resin, or a blend of 
a silicon-containing epoxy nesin and an epoxy resin that does not contain silicon. 



Suitable fiOerB fbr radiopaque fomtulations are desbrtoid in~EP:A2-0 189 540. EP- 
B-0238 025, and U.S. Patent No. 6.306.926 B1. • 

As iniUatore are possible for example systems comprising an iodonium salt and a 
visible light sensitizer, and optionally an accelerator. The iodonium salt may be a 
diaiyl Iodonium salt such as diaryliodonlum hexafluorophosphate. diaiyliodonlum 
hexafluoroantimonate. 4-octyloxyphenyl phenyllodonium hexafluoroantimonate, 4^ 
(2-hydroxytetradylecoxyphenyl) phenyfiodonium hexafluoroantimonate. 
fnethylelhyl)phenyl - 4-methylphenylbdoniuni tetrakis(pentafluorophenyl)borate. 
and combmations thereof. 

The visible light sensitizer may be selected from ketones; coomarin dyes, 
xanthene dyes, fluorane dyes, fluorescein dyesaminoketone dyes, p-substituted 
aminoslyryl ketone compounds, and combinations thereof. More preferably, the 
visible nght sensitizer is an alpha-diketone; camphon,uinone is particularly 
preferred. 

25 The acceleretore may be selected from the group of polycyclic aromatic 
compounds. 



30 



The polymeiteable dental materials which could contain the glass filler material of 
the invention are for example described In WO 98/47046, WO 01/51540 A2 WO 
96/22521 and WO 02/055028 A2 which are incorporated to this disclosure by 
reference. Most preferred ara the polymerizable materials containing cationically 
curable monomers as composite 
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The glass filler material of the Invention as obtajned by the described method le 
used as m«>tioned above in the dental field. In the dental restorative field it is 
used in favor for composite formulations, especially for fillings, bondings, dental 
S cements, pit and fissure sealeante, ca^ lining, core build up. Most favorable is 
their uses in polymerizable materials and especially in composites with catlonicaily 
curing properties. 

/" 

10 Examples: 

For all examples conventional raw materials for glass meiting . as oxides, 
carbonates or hydroxides of the corresponding elements are used. Shown in the 
following table 1 are the composition? of the melted glass mixtures calculated as 
15 oxides of the^ elements as they result after melting, (all oxides in mol%, up to arr 
amount of tSO.O g for each example): . ... 



table! 



Example no.: 


1 


2 


3_ 


4 


5 


6 


7 


9 


9 


10 


SlOg 


70 


75 


70 


74 


80 


75 


85 


85 


73 


73 


UeO 






20 






14 






5 


14 


NagO 


16 


11 




16 


12 




12 


IS 


8 




KbO 










4 












AI2O3 


2 


















1 


BzOa 




4 


















MgO 


2 
















2 




SrO 


















2 




LagOa 


















10 








10 








11 








6 




10 




5 


10 


~ 4 




3 






6 


TiOg 






5 
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10 



15 



25 



For each example 1 to 10 the raw mateiials like oxides, carbonates and/or 
hydroxides in an amount and a ratio to ghre 150 g of the above mentioned molar 
compositions In the resulting glass melt are mixed together. The mixtui© for each 
example is melted in a 400 ml Platinum cniclble (PTIORh) at a temperature of 
1500 to 1640 "C. For this application in a laboratoiy dimension a discontinuous 
process is used. For a larger amount of materials a continuous process Is more 
useful. After a mel ting time of 1 to 2 hours the melted glass is quenched by 
bringing it Into a stainless steerve^el with 1 0 i distilled water. 



The glass material of each example is mOled in a first step in an agate disc mill to 
a powder with a paitide size of dso < 300 \m. In a second step the premiiled 
powder Is fine milled in a ball mill. Therefpre. 150 g of the premHIed powder, 200 
ml Isopropylic alcohol and 1100 g of yttrium-stabilized balls made of ZrOs are 
brought Into a vessel of a volume pf T liter. The balls have a diameter of 0.8 mm. 
The vessel is coated with AfeOa . The milling step is perfonned until the powders 
have an average partide size dso of 0.6 to 1 pm. 



After milling, the powders of example 1 to 3 are treated with 15% HNOg, the 
powder of example 4 is treated with 10 % CH3COOH. the powders of example 5 
20 to 8 are treated with 10% CHOOH und the powders of example 9 and 10 are 
treated with 30% HCI. AN examples are dealkalized with the mentioned acids at a 
temperature of 100 to 120 'C under heating and stirring in a reflux condenser for 
1 6 hours. The ratio of powder to fluid for all examples Is 1 :1 5. 



After dealkallzing each powder the dealkafizing agent is removed. The acid- 
powder-mixture Is filtered in a pressure flHer funnel with a fritted disc containing a 
0.4 (jm PTFEfrefton®) membrane. For washing the amount of 150 g of each 
powder an amount of 10 1 dialled water is used. 

30 Than each powder is brought into a AI2O3 cnicible and dried at a temperature of 
600 "C In a circulation oven, except the powder of example 4 which is dried at 920 
"C. 
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The dried powders are sieved through a 200 meshed screen. 



The following table Z shows the composition of the glass filler materials in mol% of 
example 1 to 10 after the described process. The analysis is performed by ICP 
(Fraunhofer Gesellschaft Germany) :. 



table Z 
example 
no.: 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


Si02 


85.0 


86.1 


86.2 


B5.9 


94.4 


86.2 


96.1 


99.2 


88.1 


84.9 


LJ2O 






1.2 






1.1 






0.3 


1.0 


NazO 


0.8 


0.7 




1.5 


0.6 




0.5 


0.8 


0.4 




KjjO 










0.2 












AlzOa 


1.2 


















1.0. 


BzO, 




2.0 


















MgO 


1.2 
















1.0 




sro 


















1,2 




LazOa 


















9.0 




Y2O3 




11.2 








1^7 








6.1 


ZrOz 


11.8 




6.2 


12.4 


4.8 




3.4 






7.0 


TI02 






6.4 

















10 



15 



In table 3 the physical properties of the glass filler materials are listed. The 
lefractive Index is drfined by the immersion method (Infracor Hanau). The pH 
value of the glass flDer materials is measured before and after the dealkalizing 
step to show the magnitude of migration of the basic oxides out of the outer zone. 
Therefore. 1 g of the powder is dispersed in 100 ml distilled water with a magnet 
sBner. The pH-value Is tal»n with an H*-electiode after a constant value 
appeared. To measure the X-^ay opacity a composite material containing the glass 
filler material is prepared. Therefore, 



Fno^.nr.'.RTn P. 024 
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30 g 

1.8 g 
0.2 9 
0.5 9 



1 .3.5,7-Tetrakis(2^1-ethanediyt-3.4-epoxycycIohexyl>-1 ,3,5.7- 
tetFamethyl-cydotetrasiloxane, 

Tolylcuinyiiodoniuin-tetFaids(pentafIuorophenyl)borate. 

2-Butoxyethyl-4-(dlmethylamlno)ben2oalB, 

Camphorquinone 



10 



are mixed together under light excluslonr-Thair,-72-rof the glass fffler material 
according to example 1 to 10 ara kneaded Into the monomer composition. The 
resulting compostte Is brought into round test platelets (diameter 1.5 cni and 
thickness 1.5 mm) of the materfai cured by light exposure with EHpar Freellght ® 
for 40 s. The resulting cured plastic polymer platelets are measured according to 
ISO 4049. 



15 fables 



example 
no.; 


1 


2 


3 


4 


5 


6 


7 


B ■■ 


•••'••9 


10 


refractive 
Index hd 


1.53 




1.53 


1.54 


1.50 


1.52 


1.49 


1.47 


1.52 


1.52 


pH 

before 
dealkalizina 


11 


11.5 


12 


10.5 


11 


11 


11.5 


11 


11 


11.5 


after 

dealkanzing 


8 


8.5 


8.5 


7.5 


7.5 


7 


7.5 


7.0 


7.5 


8 


X-ray 
opacity 


200 


200 


150 


120 


190 


100 


80 


190 


200 


140 1 



All glass filler materials of examples 1 to 10 show a refractive Index between 1 .47 
and 1 .54 which » in the range to get a translucent cured plastic polymer with most 
of the common polymerizable resins. All glass fillers exhibit a sufficient X-ray 
20 opacity after incorporating tiiem into a composite material. 

The mean molar concentration of alkali tons (U*. Na* and \C) in the outer zone of 
tiie particles (surface layers up to a deptti of about 2 pm) before and after storage 
(9 month, 25-C) was investigated by ESCA. The same investigation was 
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performed for the Inner zone of the particles (deeper layers in a depth of 3 ym and 
more). 

With ESCA. a concentration profile showing the alkali ion concentration in a 
5 certain depth of the particle (In nm) was monitored. Out of this profile the boundary 
between Inner and outer zone were easily defined. For each zone the average 
molar concentration of alkali ions was calculated by integration over the profile. 



10 The mean concentrations of alkali Ions (Na* + Li* + K*) [mol %] in the different 
zones are summarized in the following table 4. 



example no.: 


1 


2 


3 


4 


5 


6 


7 


8 


9 -. .. 


10 


mean molar cone, 
of alkali Ions in the 
outer zone 
(before storage)- 


0.0 


0.0 


0.05 


0.1 


0.0 


0.0 


0.0 


. 00. 


■ p.b 


0.(» 


mean molar cone, 
of alkali tons In the 
Inner zone 
(before storage) 


o.a 


0.7 


1.15 


1.4 


0.8 


1.1 


0.5 


.0.8 


0.7 


0.95 


mean molar cone, 
of alkali ions in the 
outer zone 
(after storage) 


0.0 


0.0 


0.06 


0.1 


0.0 


0.0 


0.0 


0.0 


0.0 


0.06 


mean molar cone, 
of alkali ions in the 
inner rone 
(after storage) 


0.8 


0.7 


1.14 


1.4 


0.8 


1.1 


0.5 


0.8 


0.7 


0.94 



15 The data surprisingly show that no detectable migration of alkali ions occurs after 
storage. They further show that for tiie particles according to the invention the 
mean concentration of alkaH Ions of the of outer zone relative to the mean 
concentration of alkali ions of ti>© inner zone is 10 % or less. It was not expected In 
view of the state of flie art fliat by tills memod of producing glass filler materials 

20 the particles outer rone could have a depth of up to 1 .5 pm. 
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The composite materials made wfth the fillers according to the niventlon have 
good handling characteristics and the cured plastic polymers made from these 
composites exhibit very good mechanical properties as strength, hairiness, elastic 
modulus and wear resistance. AddWonaily. they have an increased shelf live and 
5 polymeri2» entirely. 
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Claims: 

1 ) Glass filler material for us© in dental composites and dental restorations 

5 comprising 

a) 65 - 99.95 moI% silicon dioxide (SiOa), 

b) 0-15 mol% aluminum and/or boron oxide (AI2O3, B2O3), 

c) 0 - 30 mo|-%-zlrconium and/or titanium and/or hafnium oxide^CZrOg; 
TiOz, HfOz). Y2O3 and/or SczOa and/or LagOa and/or CeOg and/or other 

10 lanthanidoxtdes 

d) 0.05 - 4 mol% alkali metal oxides (NaaO, LI2O. K2O, RbzO, CszO) 

e) 0 - 25 mol% earth alkali metal oxides (MgO, CaO. SrO, BaO) 
wherein the glass filler particles have an aveiage particle size of 0.1 - 20 
and wherein these particles have an inner zone and an outer zone up to 1 .5 

15 pm and wherein the mean concentration of alkali ions of the outer zone relative 
to the mean concentration of alkali Ions of the inner zone is 10 % or less and 
the alkali ions of the inner zone do not significantly migrate to the outer zone. 

2) Glass filler material according to dalm 1, . . . 
20 wherein the concentration of e) alkali metal oxides is not over 2 mol%, 

preferably not over 1 mol%. 

3) Glass filler material according to claim 1 or 2. 

wherein the glass filler paitides have an average particle size of 0.5 to 3 pm, 
25 preferably 0.5 to 1 ym. 

4) Glass filler material according to one of the claims 1 to 3, 

wherein the maximal particle size is up to 100 pm preferably up to 5 pm. 

30 5) Glass filler material according to one of the claims 1 to 4, 

wherein the refractive Index no of the glass filler material no is in the range of 
1.49 to 1.55. 



22-DEZ-20a3 12:10 MDN 3M ESPE RG BBT reE ' *' " ^ 

59042EP002 



22 



6) A method for producing a glass filler material for use In dental composites and 
dental restorations with an average particle size of 0.1 to 20 ^m by 

a) melting a composition of 65 - 99.95 mol% SIOz, 0-15 mol% AlaOa and/or 
5 BzOa. 0-30 mol% ZrOz and/or TIO2 and/or HfOa, 0.05 - 4 mol% alkali 

metal oxides. 0-26 mol% earth alkali oxides, 0-30 mol% Y2O3 and/or 
SpzOa and/or LagPz and/or Ce203 and/or other ianthanidoxides at a 
temperature of 1200 -ISOQ^Clor at irast 30 minutes, 

b) crushing the melted glass by transfem'ng Into could vwater or on metal 
10 rollers, 

c) milling the glass granulate obtained by b) to a mean particle size of dso from 
0.1 to 20 pm, 

d) dealkalizing the glass powder in excess with a dealkalizing agent, 

e) removing the dealkailzing agent and washing the glass powder witha polan. 
15 solvent until the filtrate reacts neutral. 

f) drying the glass powder at a temperature of 200 to 1 1 00 "C.for at least 30 - 
minutes. _ _. ., . . 

7) A method according to cdaim 6, ... . 
20 wherein the melting temperature is from 1400 to 1 700 "C, preferably.from 1450 

to 1550 -C. - - 

8) A method according to claim 6 or 7, 

wherein the dealkallzing agent is an acidic composition! 

is 

9) A method according to one of the claims 6 to 8, 

wherein the dealkalizing agent is an inorgantoaiiy or organically add preferably 
HCI, HJ, HBr. H2SO4, H3PO4. HNO3. HCIO4. CH3COOH, COOH-COOH. H- 
COOH, citrfc add, tartaric acid or polycarboxyllc add. 
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1 0)A method acoordlng to one of the daims 6 to 9. 

wherein *e polar solvent consists of water or a mixture of water with other, 
polar soh^nts, prefiarably ethanol or acetone. 

5 1 1 )A metiiod according to one of the claims 6 to 1 0, 

wherein Is dealkalizing is perfbnmed at temperatures of 50 Id ZOO 'C. 

12)A method according to one of the cdaimsL^Jo-l 1 . 

wherein the latio of the glass powder to the dealicalizing agent Is 1:1 to 1:1000. 
10 prefierably 1:10 and more preferably 1:20. 

13) A polymertzable dental material containing: 

a) 3-80 wt.y9 of one or more cationlcally and/or radically cuiable monomers. 

b) 3-90 wt.% of the glass filler material of dalm 1 to 5, 
IS c) 0-90 wt.% of one or more radio-opaque fillers, 

d) 0.01- 25 wL% of initiators, retardere and/or accelerators, 

e) 0 -25 wt.% of auMliary agents 

14) A polymertzable dental material according to idaim 13, 
20 wherein the curable monomer is an ^joxide monomer, 

15) Use of a glass filler material according to one of the claims 1 to 5, 

for dental filling materials, dental cements, dental bonding materials, dental 
restorative materials. 

25 
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